a specific density (p) of 6.6 g d c c were obtained on powder with a mean particle size of 150 pm. With the transverse die pressing, a B, of 8.3 kG, a H,, of 22.0 kOe, a BH,,, of 15.8 MGOe and a p of 7.0 gm/cc were obtained on powder with a mean particle size of 300 pm. In this paper, we report the relationship of the magnetic properties obtained on anisotropically bonded Sm(Co,Fe,Cu,Zr), magnets with the particle size distribution and consolidation pressure applied. Our emphases are on (1) how the particle size distribution and consolidation pressure effects the powder alignment and packing density and (2) how the microstructure of cast alloys and the desired particle size effects the B, and BH,, of finished magnets. To meet the demand for permanent magnet materials usable up to 450 "C-500 "C, we investigated and reported that a SmTM, magnet with a low temperature coefficient of coercivity and a moderately high coercivity has substantially lower irreversible losses at elevated temperatures than conventional Sm2TM17 magnets. We have continued studies on the high temperature magnetic behaviors of these magnets. The magnetic properties, particularly coercivity, of the SmTM7 magnets are much more slowly reduced than the Sm,TM17 magnets as temperature increases. As a result, its H,, remains greater than 5 kOe at 500 "C and thus maintains its high energy product, while the Sm,TM,, magnet has only about 1.5 kOe at the same temperature and has a low energy product. SmTM, magnets undergoing a long-term stability test at 500 "C exhibit irreversible flux losses of less than 5% after 1240 hours. These results indicate that SmTM, magnets can be usable up to 500 "C for an extended period of time. This will expand the application temperature range of high performance permanent magnets up to 500 "C.
In the 1980's. a Sm2Co17 phase with TbCu7 structure was observed in the polycomponent Sm(Co,Fe,Cu,Zr)7+x alloys and ribbon samples. These works showed that this phase plays a very important role for developing the high coercivity in 2:17 type magnets. In 1982, Stmat et al. observed that the Sm(Co,Fe,Cu,Zr)7+x magnets with x = 0, exhibited better temperature dependence of coercivity than that of magnets with > . Currently there is an htense search to find new magnets or to improve the magnetic properties of existing magnets for high temperature applications. A systematic study of the SmCo7 system will be ofuse in this regard. In the present work the alloys with composition of were synthesized and characterized in the temperature range 10 K-1270 K and at fields up to 5T. The measurements show that a small amount of Zr substitution stabilizes the TbCu7 structure, and improves the anisotropy H A from 90 kOe for x = 0 to 2 10 kOe for x = 0.5 at room temperature, and from 140 kOe for x=O to 300 kOe for x = O S at 10 K. For the alloy with x=0.8, the Sm2Co7 phase (Ce2Ni7 structure) was formed and HA increases up to 450 kOe at IO K. Hysteresis loops at RT, measured for loose powder (-38 pm) samples, showed that Hc increases from 0.9 kOe for x = 0 to 3.6 kOe for x = 0.8. With increasing Zr content, the volume of the unit cell for TbCu7 structure increases, Curie temperature and moment decrease. It is probable that Zr partly replaces dumbbells of CO atoms in these alloys. During heat treatment the metastable 1 :7 phase decomposes in a variety of ways, forming a 1 5 , 2:17, or 2:7 phase. These transformations will be discussed. The coercivity of Sm,(Co,Fe,Cu,Zr),, magnets with high coercivity is calculated on the basis of a two dimensional model by evaluating the width and depth of different local minima of the sum of the domain wall energy and the magnetostatic energy for various positions and shapes of domain walls. The two dimensional model, assuming rhombohedral 2/17-type matrix cells which are surrounded by a Cu-rich 1R-phase and cut by Zr-rich platelets (Z-phase), as well as the magnetic parameters are taken from a previous paper.' To find the local energy minima, the domain wall is devided into straight 1 nm short segments which are allowed to fluctuate by random. At field strengths between 5 and IO W c m , the domain wall is pressed towards the 1/5 boundary phase, forming the well known zig-zag domains, but it is still pinned at the edges of the 2/17 cells. At higher field strengths, the wall is bowed also within the 1/5-phase at the edges. As soon as the curvature is large enough to reach the neighboring 2/17 cell, the wall is depinned and moves immediately to the next 2/17-1/5 boundary. But, it is still pinned at the intersection lines of the 2-phase and the 115 boundary phase. For this local energy minimum, the domain wall passes the 1/5 boundary phase along the Zr-rich platelets which have a domain wall energy of only 11 d / m 2 compared to 58 mJ/m2 for the 1/5 phase.' This configuration is stable up to a local field strength of about 40 W c m . At this field strength, the width of the energy barrier is reduced to about 2 nm which is only half the domain wall width of the 1/5 phase. Because the domain wall itself generates a demagnetizing field of about 11 W c m at the critical position, the coercivity correlated to the stronger pinning site is reduced to 29 W c m at room temperature. This value is almost identical with the maximum coercivity of optimally heat treated Sm,(Co,Fe,Cu,Zr),, magnets. 'M. Katter, J. Weber, W. Assmus, P. Schrey, and W. Rodewald, IEEE Trans. Magn. 32,4815 (1996) . The finite-temperature behavior of rare-earth transition-metal intermetallics is investigated by extending the n-component vector spin model known from statistical physics to two-sublattice magnets. This yields analytic results but is paid by a simplified description of quantum excitations.
Using Gegenbauer polynomials Ck of degree k = n/2 -1 rather than Legendre polynomials to describe the low-temperature behavior of the mth order rare-earth anisotropy yields the power-law exponent m(m+n-2)/(n-1). This is an n-vector generalization of the famous m(m+1)/3 law' goveming the temperature dependence of mth order anisotropy constants. In the intermediate regime TRT<CT<C T, the anisotropy is determined by power laws describing the behavior of rare-earth ions in the exchange field of the transition-metal sublattice, whereas the transition-metal contribution K , shows a linear temperature dependence in this approximation. .The comparatively small influence of the anisotropy on the mean-field Curie temperature is obtained by diagonalizing a secular 2 X 2 matrix. Due to the relative weakness of the intersublattice coupling, the influence of the rare-earth anisotropy on the Curie temperature is smaller by a factor of order TR71TT7 than expected from the lowtemperature rare-earth anisotropy.
'E. R. Callen, J. Appl. Phys. 33, 832 (1962 The DyColoV2 compound is an ideal sample for studying the magnetic inter-sublattice interaction by means of the free-powder magnetization measurement. This is because the ferrimagnetically-coupled the Dysublattice moment and the CO-sublattice moment are very close in value. This means that the first critical field in the magnetic isotherm measured by means of the HFFP method' very low. In the present investigation, the main emphasis is on the study of the magnetic anisotropy and the magnetic phase transition in DyColoV2. At room temperature, its easy magnetization direction (EMD) is within the basal plane. An almost perfect magnetic alignment with respect to the c-axis of finely-powdered DyColoV2 powders was obtained by using the sample-rotation magnetic alignment technique. The magnetization hysteresis loops with a field applied parallel and perpendicular to the c-axis of the magnetically-aligned samples was measured in a temperature interval from 4.2 to 300 K by means of a SQUID magnetometer in a field up to 5 T. From measurements of the temperature dependence of the magnetization and of the ac susceptibility, it follows that a spin reorientation transition takes place at about Tsr=4l K. The EMD changes from the basal plane at T>41 K to a cone at T<41 K. The measurement of the angular dependence of the magnetization on the magnetically-aligned DyCo,,V2 at 5 K (<Tsr) and at 300 K (>Tsr) confirms the Occurrence of the spin reorientation. When the temperature dependence of DyCo'oV, is measured in comparatively small fields, the magnetization adopts negative values in a limited range above the compensation temperature. This phenomenon has been explained by magnetization reversal at Tc,,,=120 K in conjunction with a strongly temperature dependent magnetic hysteresis. 
